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Abstract of JP1031 2971 



PROBLEM TO BE SOLVED: To suppress the introduction of 
defects by suppressing cracks generated by difference in the 
thermal expansion coefficients between a growing III-V 
comp. semiconductor layer and a substrate crystal, and a 
difference in grid constants. 

SOLUTION: Through the use of a substrate limiting a 
growing region 1 3 by a mask 14, the facet structure of a III-V 
comp. semiconductor film 15 is formed (b) by epitaxial 
growth, for growing (c) the facet structure to cover the mask 
14. In addition, the facet structure Is completely embedded 
(d). A III-V comp. semiconductor layer with a flat surface Is 
finally formed (e). 
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tL. m^mzit. ¥ffl=3raBS:^r^l.GaN^^f4sM 

[ 0 0 4 5 ] G a.miy<)\^i^^^gcr,i^mtmm^tiib^ 

-irmu. sicmLmim^^x^fzi}^. :iti(><r)mm 
liG a j^^^i^tum^^-^^jm^nm^-yx^.^ 

^, ^cO/::^6GaN^^#:^7)Xtf:5'4ri^■^'/^^:^$r^T 
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[0046] :^mmcomm<>Zj:hJi\:;-^^iy^)UmWj 

&-c-{i , G a N ^^i^t^mm^m'^m'^(r>m^^ 

[0047] L;t*«oT G a N^^«cC0^aW(|{±7 

r-fe y hc7)fig;K^:i:^tc;gi:^[t]tffl{f^>ti. GaN^^ 

mi^(7):s:.\z'^^=^-^ju^mzxhmmc7)maiz^\>\ f& 

[0 0 48] C:<^J:3tc^±t-7Xi?{cJ:0SU?Wt 

m^^tifz^Mmmzyr-b-y hmm^^-t^Ga-N^ 

[ 0 0 4 9 ] $ <o m3<^^<^?gIIT1#4.iX^ G a 

{^yr^rWm) i:VX^i;GaN^i|i#f!f:<7)-g|5 

<7misLtLxm^^h:LtifiX'%^. <Ic^J;d=^GaNi^ 
#S«cimifc:GaN^^t*c^^^f^g-rS^i:T. G 
a N5^i|^flcSi^<0«®^im<O^B^d4$r2X«-r -1. C i: *»' 

T'^ I) . 

[0050] *;^cGa N^^S*^^ A^G a Ni^#^^fi|j 

^m^<r>^i,i^ ^yr>{Tmmx^b^j:^X\-^ 

^t/^mz^j:h. 

[005 1] $ ^ tG a N^^i|^#:^3t«^;&>'G a 
^^i^U-'^'CO^it. G a N^^f*:i:>\# Mffi**S 

[0052] ^BcOHJficom^iCiitt^G a 

mm^mx'hh. 

[0053] ie3«0|ISfiO?eS|(7)iiHB-r-{i^ GaNi^# 

mi^t^^^mmmi.<7)m^j:^mm.mmi.zm.m-? 
xi:^^mjs.-r6m^^ttztK mm±i>zGaiNm^mi^ 
^^M:Lfcmz. mGaiN^^immiz'?x^^mf& 

[00 54] ^ (i>iz^mmcommizm^^t'7X:^ t lx 



COBMiZioif^hGaN^mi^mt LTtiGaN. A 1 
GaN, I nGaNmtfihlf^tli>ifiGa.Nil^mi:>ig^t 

[00 55] ^rzGeiNm^mi^m^bLXI.i, GaN 
^^mi^U — tf^G aN^LED^OGa N^^«£^ 
^=f-<^miZ F E T-*^ H B T5S: fc' cOrV U X t jgffl^ 
tit* 5. 

[0056] (114 (Dmmmm ) ^m^m^A comm. 

[0057] m4<7)||Jfi<0?^®{±. G a N^^f*:i:|Bi 
S-fi&«L, ^hf.z;i<7)GaN^im/^Wm±.f.zG3i^^ 

ii^mwm^'k^-r^ h<r>xhh . 
[0058] ^A<r)mm.(nmmx'i,±G a n^^«sm± 

CDG a \^Jh^mWm^ h L-C G a N^^flj^S^^S: 

[0059] {itw::. »^^®t:'7X^'^ffMt. 
3i^^tS?^^<0S^:&««?tti^±fc:G a N^#S#: 

[0060] '?x^&v^fimmm<om^b lxh. m i 
(T^mmcommcDmmcox o iz^^mm<7)G a n^^* 

[0061 ] }^:t-fi!c«^,iSti* t G a N^iH-^#cOXb° 
I H^ilSKcXfli-^A (Ga) bm\:^m (HC 1 ) <7) 

^m^mxhtmitytfv^j>^ (Gac i > kvmmm 

try^^r (NH3 ) h'7-< HVP 

Es*WLi.^*^\ ^m^mit^msmmm (movp 

E) 5-fflv^TtJ:vv 

[0062] G a N^ifi»f!|scOXtr^^>'A';l-^«(i. 

m 1 <7)mmcr>mmt miz , g a N^^4^«:*i^D»3si5g 
x'ii-7x:^ ±i,z^^-^i'^^mmco^x'^^^B^mmz 
0 . bS:^i^±«og a N^mmzamico^ij&t i± 

10063} J^\i'i^^i^-r;\^^^imif^t. GaN^ 

r-ty hmm.comi.ziciLxmmrj:yj{^izfS.M 
i^mtitiib . mMmmrdnx-^ < ^x ^' o a a l^^r 

I.. -etTI^^-r-S^:l^^iOGaNm^*M<7)7r 
ft^ i: , G a N^^mmzX 0 7 r-fe >y hi^jtA-»ji 

[0064] ikiZG a N^^^f^ls|l±t:G a NI^^I^^Ws 

m.Ltdk. GaNj^mf^mmm^titimmtrMoc 

litT'. nMGaNJi, n^A 1 GaN:?'^ >y hJl. n 
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ma a N^'-( Kii. ry K-ri n G a Na-?#F« 

iivStt®, pSAlGaNJI. p®GaN5t;^r-^ HJi. 
pffiA 1 GaN7 7-y HJI. pMGaNrj:^^^? hJi$r 

[ 0 0 6 5 ] i^tc . if-1gii^J^^ 

^ItC-fe-yhL, SM, Si02 VX^. fcit/GaN^ 
^(<s!lc7)-gpS:igfat-C G a N^^^sM^^ttl $-ti- 
^. mtiiLfzGaihSmmii^m(7)m. ■t'Sri^^GaNi^ 

[ 0 0 6 6 ] ^4 <r>mmcommi,zx ouJiTo^a^^&qt^* 

[ 0 0 6 7 ] H 1 cOIUficOff^ffiOa:h°:5'^>'A';Pfi!t;ST' 
^#^>^^3t G a N^if^i*:M±tCG a N^4^(^^«ji 

-Sxtr^=3ri^-r;l^^:RMiO|g^BttA^'K»T'#. GaN^ 
[ 0 0 6 8 ] S tG a N^i{i»#:«^ j&^G a 

[0069]in:Ga N^4^»f*^Bfc«?^*«G a Ni^^ 
# ^(C J: D G a N «ii<7)ifcliS 5 ^ -ffi 

[ 0 0 7 0 ] IS4<^||St«0J^e{4±iE<0fjeH3tcRS 
[ 0 0 7 1 ] G a N^^#f!ts)lc7)aib°^'^i^^ 

[00 7 2] §^>tGaNm^»f*:M±tC:GaN^^ 

GaNi^^f*c|lJ^^^lC^. V^rJ'tGaN 
^^«^Mc7)-gP^|^4 t-tf*tCG a Nmit^f!|sa5^^(^) 

[0 0 7 3] ^t>. GaNi^ifi^WsM**^,*:^. ^X^' 

^fitzGsi ^m^mwm'i-cn^^^(^WiWz\mtz v 

msL. '7X9<m^^'frhir, GaN^#^ 

[0074] ^^f,z:^m^'7)mmf,zm^^h'7x-^ t lx 
{iH 1 commmmh h v ^{s^ 2 comM<Dmmt mm^ 



cO0®ic:fc{t-S G a N^^f*cMi: LTtiG a N . A 1 
GaN. I nGaN^3!rf3^(fi?>^l.S*SGaNj5«#tigFi 

[0075] ^/cG a N^^^»#:S-?i: LXii. G a N 
^#^#;^-if^G aN^LED^cOGaN l^^<^|c|^ 
tm'=F<7>mi,Z F E T^^ H B if iOT>' N'>f X t Jiffl^ 

[0076] 

[0077] ( ^ 1 C7)^M^J ) 3ts;%Bgc7)||MMfcoV ^ 
T, iai$:#.^.LTlJiBJ"r-l.. 2t:^SfeMT'{i. mRbL 
(000 1 > m-7r-fT (A I2 O3 )Sflgl 

1 ±(2 1 mmgtfOMJ5<7)G a NM 1 2 ^3!> ta^Jg 
^t/i^^t-fflV^Tt:. icOGaNUl 2^Ht:S i O2 

^y^xr?^^ 1 4 J:^:R^^l 3tC^)-ML^. 
iSl 3niiX/-?y.9 1 4{i. m-eil5/zmt5j:V2/i 
miOlicT)^ h=7-<Ti^X'hi>. X h 7 7°:fir|6l{i< 1 1 
-20>:fj^h\^tz ( (01 (a) ) , 

[00 78] '^^mmis^z^m-hG&nmi 5*4. 

I I IJSMftt-^'y^A (Ga) ti&it^m (HC 1 ) 
OK^E^tlT^>-g.^-fl:;^'';'>A (GaC 1 ) hYWM 

m^zTy^=~r (NH3 ) ^x^-fflv^^y-N-Y H 

VPESS-fflt^i^c. a«l l^>'N'f K^-f h'c7)fig;S^M 

y h L . 7K*#HmT«?SJg 10 0 0 xz^zm^-t 
f^M^mti^^^LX^^t^. HC 1 STiM^ 2 0 c c/ 
«F^-CetJi& NHa^iSlOOOcc xm-x'5-^m 
mmi^-rhZbX\ m^mi StcGaNUl 5C7) { 1 
-10 1} ®*^^>^?.7r-fe>/h^3tSr)^ftS-ti-/c (la 
1(b)). $^>t. 2 0^iagJKxt;;?dfS^^;I^^;a 
Sriggtt. vXi?14S:^d*'C7r-fe>yMfitl6S:^ 
Jl§-ti-/c (HI (c ) ) . 

[0 07 9] :c\z'9^>^^rJl■&M^mif^Ztl,ZXK)y 

T-fe-y (01(d)). Mm^u±. 

5 ^(o^iRT 2 0 0 /X mn!^(7)^m.^m'm^^-t^ g 

a NM^mS-tirfv: (Ell (e ) ) , GaNUl 5^:m 
^^mJ:K)MK>iiitrz, 

[ 0 0 8 0 ] ^ 1 ff^mmmxiif&Mmmtrmmt&mm 

^^izi. Ki . HM*« {1-10 1} M*^^>=5r^7r-fe V 
h^mmLX^^B^-S:^'n-^X\>^h. CC07r-fe-y hii: 
f£*jIjK«^'flfe£7)Hcfc 0 Si/ ^/::i^){c3lix-C < -S. . 7 r -fe v 

-fe -y h cotb^Tc: to:^r6i^#t^^ c: i: **T'# =S: < ^ I. , 
[0081] ^^BHt^ct OfiK:^L/cMfB^P^(ciig^€. 

yT-t-/hcr>iiimx\ m:f]i^izmf(>ti. xtr^=^ 
v-A-yW^oMl^ntfpiv m^B(7>^izttii>ztti<hi)^ 
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[0 0 82] micommmiz^-^xm^^titiGaiNm 
1 5izii. ^yr^rmsLl 1 tts^^^^j^^tsc 

[0083] ^mmm-cm.^ ttzG aumitxmi}^^ 

lZ'J'-^<. ^0±t:^— if. FET. iSil/^HBT^i:" 

[0 0 84] ^i^iz^yr^rmmi i^mmmzx-o 

Xm^-th^ltX'. GaNMl 5^»KM*^ti:LTfflV^ 
[ 0 0 8 5 ] m 1 commmXU. G a Nl^cOXh-^J'df 
W^^R-fb-^Mffl^^ft^ (MOCVD) ^fflV^Ttlil 

m^^m^ni^tii>. i^Ai2 03 mm urm^^ti 

i)K Simm. ZnO^, SiC^^, LiGaOi 
**W^.ai.. $^>tCA 1 2 O3 a:^ll±tCGaNM 

1 2?:fei?>**t«6mt^:*<. mil lilCitSf^x^' 

[00 86] i^:vXi;'14i:LTS i O2 ^-ffll^fc: 
i}^;itHzm^ixi>i><nTli.^j:<. S i N, 
H-CtiV^. <I<7)||ISM-C'{4VX^' 1 4<0«i^2/zmfc 

L7t3&i\ -ex ^sj62.tf^ t (ox^ i>mxhtnmm 
^^^m^htih . § ii^izx h7-<r^<ii-2o> 

SEiO:^(6]<l- 1 00>Ti,J;<. Ztii^cTiyji^ij^ty 

[0 0 87] tfoGaN<75Xtr^^>'^/H^:g:(;oi'>T 
ai</c:*>\ InGaNJ^, A 1 GaN^, InNJK. G 
a PMiiSV^tiG a A sli^STXe^J^df i^^^^^^St-C t 

-^iz^mmc^mM lx t mm^^mm^^^tL^ . 

[0088] (lg 2 O^CT ) 2|s:%BJ<7)^ 2 cOHSfiCTfc 

[oo89]m2cr,mmxit. mmtLx. (ooo 

l)ffiSiC«iKl l±lCljumigig<7)ig|»cOAlo. 1 
Gao.9 NMl 2$r*^>*»ti6Jgfi£LyiSaSrfflt,^ 
/t, ^iOAlj.i Gao.g NMl2«®tSi02 

VyX:-^7.9 1 4 i:^:S««l 3\iz^mhfz. fiKft®^ 
13. *5j;tX-7Xc? 14{±. -eix^ix2Atm. fcj;t>'l 

0/zmo(ic7)xh5-fr*^fS>i,. xh9'fr^ripi{±< 

1-1 00>^rr6ji:Uc ( (HI (a) ) . 



[00 9 0] Bic;RM«{l 3tCfi)<:^-ri.GaNJll 5^. 
I I \imM\.zm^J^ (Ga) i:lS^bJ<^ (HCl ) 

<r>m^^mx'hhmYA'')-^2^ (Gac i ) hvw^ 

P,\,ZTV=^-T (NH3 ) f}%.^m\^h'M Y=7^ Y 
VPE^$rffli,^;t. mux \ YyA Y(r>m^m. 
C-b >y N t . *^#fflM-C'^:^SJK 10 0 0 XLliZmScf 
m.M:^mi^^^LXi)-i^. HC 1 ?Tift^ 2 0 c c/ 
«iJ-C'«*&L. NH3grL*2 0 0 0cc/tt^T5:ii-S 
JKW*&-f-?.Cli:T% ^^mmi 3t:GaNrei 5<7) { 1 

-10 1) mt^t^^^y r-^-^ hiim^^-^^-^ti m 

1 (b) ) , 

[0 09 1] ^(:,I,Z. 2 0^^m:r.ii'^^iy^}UfS.^ 
Sr^Jt. -^X^lAtrmotTGaNC/^yr-t yhmm 
1 5$r^$-fr^^ (01 (c) ■) , 

[009 2] :c\z'^^'^^jUm,M^mn^Zt(,zXK>y 

r-t-yhmi^^mnb&i^ (HI (d) ) . mm^tzii^ 

5 mm(7)^MX 20 0 m mgJKO¥a^«MSr*-r-S. G 
aNm^mm.^-^fz mi (e > ) » GaNMl 5c7)m 
mk. NH3 :^'ximikL^j:i)-i^'mSL^X'i%&L. fi!c 

[0 0 9 31 m2cr)mmmizx^xm^^tit:GaNm 

1 5izi±^ s i cs:^ 1 1 k(r>i^'=f^m.'^mmmm*^ 

^tifz, L*-i>, mm^^^n-^fzGaNmzii. 

**^^^t:^i'^^r<^c:Plg^«{il 06 cm2 m&X$>r> 

[0094] :^mmx'^^LfzGa Nmuxmm^ 

(:iJ'-^<, Z(7)±lZ\y~^^ FET. feilXHBT^Sri; 

[0 0 9 5] tfz. sicmmi i^mmmizx-oxm 
^■rtzkx. GaNm5^mwmmtLxm\^^ci 

ti^x^^. 

[0096] m2cDmm,mXli.. GaNPcOXt-^^^- 
^Jl'^mz^s^ Yy-^ YVPEm^&m^'^xmmLfzijK 
^m^M-fb-^iHjmfflflK^^ (MOCVD) Srfflv^TtPI 

m^j:Mm^i^ti^. tfz:$:mmmxii. sic^i 
ii:m^^fz^\ simu. znomm. AI2 03 m 

LiGa02 MgAl2 O4 mmMF 

i±.izmm<7)GaNmi2^ht>i}^tibm^Lfzi3i. m 
mi i±izmm'?xi^^mmLxi>^^\ 

[0097] tfz'?X^'14i:LXSi02 ^m^-^tz 
t/^ZtHzmi^ti^i^coXii^K. SiN, 

Mt'tj J:V», ZCOm^mX'it-^Xi^ 1 4<7)iIiSr lOum 

t LtzijK -^x^ ^wf>ThXiZ. t (^x^ ^mxhtum 

m^W^t/^n(i>ix& . $ ^iZX h y^ r$r< 1-10 0 
>-fj[^^zm^Ltzifi. yr-^'vYifim^^tHx\t^ Zti 
tmm.(r)U\^<i-i20>X'{>X<. :iti(^(7ylj^i}-* 

hm.iifzMmxh^xi>^^BmM(D^mzj:'o. f^-i^m 
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0 . 1 <7)A 1 G a NSrfflV^st*^ 
X'i.<. :i<nmbLX^<^mzK\N^ InOaN^i: 
^m^^Xi^Wm:%mm(>ixh . ^^tcCaNcoxe 
^^z^->^)VmB:f,Z-0\^XW<-tzi3i. InGaNM. Al 
GaNIg, I nNH. GaPll*-5V>liGaAsM^X 

\^^^i-^)m^Lxhwm:m^m%hixh. ^tziSL 
m-h 1 1 1 -ym\L-^\>zy^m>ii<^mMLxi>wm: 

[0099] ( m 3 consfep ) *5&BB<7)ig 3 <r>mmmi,z 

[0 1 00] ^3c7)||Jg^J-e{i. tr. (11 

1 ) ffiiOMgA 1 2 O4 1 SrfflV^Jt, CKO*:^ 
21«ffilCSi02 1^2 3Sr?^^L, 7;rhUy^^7 
7^-fti:'>x-/ hXv^>'i/T"7Xi?2 3i:^*M:« 

2 2t,zji-mLfz. ^.^^^2 2 . 2 3{i. 
^tl.eix4Atm. i3j;t>'3jumOitiC0Xh7^r4^cT'S> 

xh^>fr:6-[&Hi:<l 1 - 2 0>:^itrii: tTt ( (El 
2(a)), 

[ 0 1 0 1 ] G a Nm<7)f^M:ii, ^ex^ 2 3±.l>Z^m^B 
^OGaN*^#*$rf^J$ll■ri>t^^^Jitfc^^^ F^^ HVP 
E^^fflV^^C. Z<7)^mX'ii. I I IiiM*4{=3yU'>JU 

(Ga) hiS-fk** (HC 1 ) <7)RjE*fi5t!f59-e^!)^Jg'ft; 
^'U-^A (GaC 1 ) i:. vmmMzryt^^T (NH 

3 ) 

[0 10 2] ti'. mWL2 1isS.W^miZ-^-yhL. * 
^;*'X$:tti^L^*^'^> 1 0 0 0°C^£7)^-iSTfft}?!];aL 
fcf^. 5 0 O'CmiS^-ti-. HClsfiiSrO. 5cc/ 
ft}J-efi^*&L. NH3 Sitftl00 0cc/«^J-T5^i- 
^gtS^-r § ^ ^: -C', SSb^h^S^I^ 2 3 1;*^ 2 0 n mCO 
Mffc7)GaN>'s:>/7T®2 4^Jgfi!t-r^ (112 

(b) ) , 

[0 10 3] Z<7)MX. NH3 :^X^:m^^L^i)ii^l 
0 0 0-Ct#;S-?--S. E£«f£^**^^tT*^'^. HC 1 
2 0c c/fttJJ-T'^J&L. NH3 ?^ 1 5 0 0 

c c ymi-x 5 ^mmmi^-t hztx\ smmm 220 

GaN/-s<y7r— ^2 4±lcGaN<0 < 1 - 1 0 1 } H 

(c) ) . 

[0 104] ^^i^iS^^i^-t-fl^^^imUr^ '?X 

^23t:motX'Galim2 5(7)yT't-/hmmi:^ 

^j:mm^^'r^Qa.Nm2 5t:m^^itf^ (02 

(d) ) , GaN)M2 SC^JI^BJtf^, NH3 )ffXt:m^ 
L^j:ti< (:> ^?a* X<%m L^*^Mi 0 BX 0 tiJ-r . 

[ 0 1 0 5 ] lg3cr)|IM0iJl:J:o-cm$a^cGaNM 



2 5t={4. MgAl2 O4 mS.2 1 tcom^F^m."^. 
m^mkt/^m dlzi> ipij^h '7-/^ifiX'>X\^^£^^ 

^htm^^Ktz. L*-t. J?Mfi!t:K^«^7tGaNJl 
ICti. XFfi3&i^^StCii'-^<. 106 cm2 gig-Cib-? 

[0106] *^^J-C-^fiL7tGaNffiK4XR8*<#^ 
lCiJ'-^<, C:iO±{C^— FET. fcitl^HBT^i: 

<^m^m.t£ir)<>-\xmm:WLm-h^k.x\ ir>Mxm 

W^2 1 SrSfig^t cfcoT^-r-SCfcT. GaNM 
2 5 ^»:^«f4h trfflv^l.^ i: fC'# S , 
[0107] m3t7)|IMM-C{4. GaNHcOxb-^^f 

^^^JS-fb-IJ-il^mffl^^S (MOCVD) 2:fflV»Tt|SI 

W£m^i:^%t:>i\.h o S fcmmX\t. M g A 1 2 O4 
^2 1 SrfflV->/c*^ SiS:^, ZnOS^, SiC 

L i Ga02 A 1 2 03 wm^m\.^x 

i>ll«=5:S&M*^"#^>ii'&. $^>{cMgA I2 O4 2 1 
±m«-ex^^?g^L/iA>\ «!K2 1±tcGaN1^2: 

[0 1 08] iTtvX:;? 1 4fc L-TS 1 O2 SrfflV^;^ 
*^^iXtcRB^>*lSt><^Tii:^<. S i N, ^<7)MS^ 
MT'tJ;V->. $^>tvX^2 4coitiS-l 0/zmi:L/i 

0>-^^\,zmm^f;L-h^^ yy'^ vVmm^tdrOiS.. 
ni:Mii:o:^|Bi<i-ioo>-C'tJ:<. ^n^>o:^r&) 
is^i^mftz-^^X'i^i^^^^ay^^iiZi. 0 , 
7r-fe-y ^^iJt2r?gJ3S;^^^^:*i'CS=^, tan. 7r-fe 

[01091 *^*IIJtl5imi:««thtcffi?fl/N'-y :7 r« 
*M{t3tf^tGaNMcO^:R^^T-oTV^^^46. i^^^c: 
Pfi^ J: 0 ^^=5r < ^ ^ i: ^^^tli: ^ -S « 

[0 110] HMfi^yX'ti. GaN(7)xf ri'^Jri^ 

^)V'^W,Z-r>\\XW<-t:.ifi. InGaNlg. AlGaN 
InNM, GaPM. G a A sM^xt':^'^ 

I -ymc^^z-7mwmM\^xhnmti:%mi-'^h 

[0111] {.%A<r>mm\) -^wm'mA<r>mwmz 
ot^T. 03. mA^mmx^xwmh. m3\^mim 

[0112] -¥mmx\t. w^t LT ( 0 0 0 1 ) ® 

<50Al2 O3 a^4 l±Cl/zm^<7)Jll?iOGaN 
114 2 frfc t46?^)SL/cS^tt«5rfflv^/c, 
[0 1 1 3] C:«0GaN^4 2*BtCS i O2 MS-J^ 
^t, h'jyi/^:7^-^i:'>x>y ^x>y^>'^t' 
v>^.^ 4 3 i:^:^m^4 4 t^tiJ-St t/c. j£:gM^4 4 
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ti. 4 MmCOm&COA^ (03 (a) ) , -^^Sum 

<7)E.nm^ ms (b) > . mx/5umn<^mB^ 
[0114]?^^ Lf^m.Mm.m4 4 g a nm 

4 Sit. I I lSlJl!|si{::h'J><^/U;iry'>A (TMG 

a) s.t>'Mi;<^7ur;u5-^y. (tma i ) tvmm 
f4icr>^-r (NH3 ) 

[0115] m4tm3co^^m^m^Ltzm^±iz 

mm^mmiz-k: >/ h L . 7j<3^;>yx t N H 3 :ffXt:m^ 

1 0 5 o-'cofijt^Ria^ic^^a-rs. ^m^^^t- 

T'^i^L. NH3 fiSLl 5 0 0 0 c c/ft:a-r 1 OrJJ-g 
Jg«if&^I.C:i:T, Bg^lS4 4tCGaNl^4 50 { 1 
-10 1} H*»^.'5:l.7r-t >y hSiiSr^ft^ii-fv: (El 

4(a)), 

[0 116] 3 0^^]Kxt°;$'^i^-v;Pfi)t:R 

^Mft. VX:J'4 3S:Sd*-CGaNJl4 5c7)7r-fe«y 
hffiiS^«jS$-fr;t (04 ( b ) ) , 

[0 1 1 7] Xt'rJ'dri^^yP^^R^^tt^^fctCjzOG 
aN®4 5<7)7r-fe-y h^tst^Si^as;^ (H4 

( c ) ) , ^Wtti. 1 2H#ia<7)^ST'l 0 0/zm^ 
JKcOTffl^lSffi^^r-r4GaNlg4 5^?efig$-l*:;t (El 
4(d)). 

[0118] 3mm.<7)im<r>^Mmmtzm^LfcG a n 

tl, ^yr^rmm.4ll,Z9y y':^ifX'>X^^^^\<^:ib 

ifm2,^ixfz. tfz, ^mmx'iif^^$Mm<^m^^A 

[0119] *IIMfi?yc^;R LtiG a NIK{4^Pi>6i-^f S 
l-iJ'-^:<. c:co±lcu— FET. tsit/^HBTsSrif 

0^fp«^f-VNM XlSit^Bg:R^|> i t X\ "f^U X# 
[0 12 0] ^ i^lz^y r Tmm4 1 ^Wa^tzio 

■ci^*-r-i»^tT'. GsiNm4s^mimmtLxm\>^ 

huti^X't^, 

[0121] m4<0m&mX'ii. GaNMOXb-^Jf 

^is^m-fk-^Mia^s^ ( MocvD ) srfflv^T 

tt^^^^m^^ff^jn^, ifvlA I2 O3 S:^4 1^fflV^ 
f'li)K Si^. ZnO^i^. SiCffi^. LiGaO 

2 mm. MgAi2 04 mwmt:m\>^xi,mm^^ 

W:i}^^(^tli,. $ <^tZA 1 2 O3 a:K4 litClKi^cT) 
GaNJl4 2^S><i>*^t*^ffML3t*^ mm4 1±izm. 



[0 1 2 2] iJ^^VA^4 3i:LTS i O2 SrfflV^Jt 

^c:mcK^>itl.tc?)-C<4^<, SiN, m<r>imi^ 

[0 123] ttzGa.NcOX.\^^^>■^')l'm.^l,Z^O\,^X 
m^fcijK I nGaNM. A 1 GaNJl, I nNM, G 
a Pffil^;>-|, V^{4G a A sll$:Xt^^4f i^-V^U^:^ tT t 

mm^^^tmi^tih , $^>m*-r-&i i i-vmt 

[0124] {ms cTi^mm ) ^mM<7^m s <ommmiz 
ov^T. mst:mmLxmm-$-t. 

[0 1 2 5] 1 {^{4, l/imOM/5«GaNM5 

2ii<m^^h.tc (0001 ) ®c0-9-7r^ TS^S 1 

[0 126] C:OS1R5iaffilCSi02 iSSrJ^Bg 

t, yythVVi>^yy^-mt^:ri-yhJ^'y^yi/X'm 
1 COVA^' 5 3 1 <3^^««^ 5 4 IC^^JI L7t , mi 

<r>^MWms4. mr/mKO-^y^^ssii. ^n-^ti 

2fjLm. iiXl/Su.m(^:z.h'7^yitk.Lfz. Xh^-f 
7°:^f*I{4. <1 l-2 0>i:L/:: (05 (a) ) . 
[0 127] mi(^^^^m5 4\.ZfS(.m-hmi(r)Ga. 
NM55{4, ±IE<7)^MMli:N«{=I I limm\.Z0 
'J A ( G a ) t J^-ft:*« ( H C 1 ) COKlE^iRgT'^i 

^hmtA'o^j^. (Gac 1 ) i: visfeKPt ry^-r 

(NH3 ) /f>?.S:ffl>,^SM^ FVPES^fflV^ 
fz.mmsi Yy>{ Y(nW(MMW,z^ v h tK 

nmm%x'M^^ i o o o-ctcr^^-r-i, « 6 5 o'c<7d 
}m.i)^hmm. 5 1 ^ N H3 :^7.nm^i,z-rh . js^SiS 

Jg**^SLT**^>. HC 1 1 0 cc/n^XWi^ 

NH3 »S»4000cc /mrX' 6 0 ^^^cOflg* 

■c\ m 1 <r>mimYcmmLfzm kt) (a.) ij^^ ( e ) co 

^^^XS^^T , m 1 iO-^X:? 5 3 1 
GaNll5 5^J^S£-r.S (05 (b) ) . UlcOGaN 

[0128] G aNM5 5±ic:||tA'S i O2 M 

SrJ^^L. ^2<r>^m^Wmseii^2<7)'?X9Sl^m 

MmX-hK). :^hy^y°:fj\^li<l l-20>tLfz 

(05 ( c ) ) . zcomms i±tc. St/. miiouM 

^^iJT-UiBBtfcS 1 CO ( a ) ( e ) <Of£*XSSrig 

lg2c7)VX^ 5 7§-tiy>3i^^, aX^l S0jum<7) 
m2<0GaNil58 i0.^^it^&-it Ltimm^Wc 
(05 (d) ) , 

[0 12 91 ^^Lfcm2<7)GaNl^S8<7)X?&^mm 
[0 1 3 0] m5i7)|ISIMr'{4, GaNHcTJXb-^J'^v- 
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w^^mit-^mm^^m (mocvd) ^ffli^Tt.i5i 

f::i)K Sim&.. ZnOmWL. SiCS«. LiGaO 

2 MgAia 04 mmi:m^^xtmm^^ 

ll5 2^Be*t3tf^fc:vx:7$-}g^L/::*^ c:ixtc^^> 

CO 1 3 1 1 *)tVX^'53fcLTS i O2 
*JC:iXtRS4.fl^ t,cor{4^< , S i N, ^o^* 

^'=^>'^;PE!c«tCOV^Tj^^^v:*i. InGaNM. Al 
GaNH. InNM, Ga PM^b-I.V^{4GaAsM*Ji 

[0132] ^^mco^mmmTUG a n^^c^ 1 1 r - 
vm^t^^i^ im\> ^tzmiz-:}\.^xmKtii3K z rnz 

mmm^j:h 1 1 1 -vmit^^i*i<^^mzmm^ 

[0133] (me<7)mm) :^^m<7)me<7ymmmiz 

^^i^-rfl-^M^ G aiNm(Om.mzm^K S^{C>r<7)G 
a NJ1±CG a N^^ftl^-if ^Mjt-f-I.X^^ SiBfl 

[0 1 34] Hetij^-ra^e itc{4. iMmcomm^ 

G a NM6 2mm^tlfz (GOOD WCO^y r-^T 
^6 1 SrfflV^fc. icoame l^atCS i Oz MSrJg 

B^L. '^\ii^ty^A(rmm\'t.nmzv ^=7-7 

>f-ai:'>X y l-Xy^y^T-micO-7X^?6 3tmi 
l/mi<D-?X^6 3l±^ itl^'ilSjum^ iJj:l/2;um 

oxh^^fTl^i: Lit, ;?.h5>fr:^r[*i{4, <i 1 -2 
o>:^r[fi]*>;^i ojSMttTffMtfc (06 (a) ) , 

[0 13 5] mi(r>m.Mm.me4izfS.Mi-:i,mi<^Ga 

NWi6 5 {4. ±Micr)mmmitmm^zi l Ii^f4tc;i?" 
U-^A (Ga) t^it^m (HC 1 ) cORie^iHaT'* 

?.m;efy'^/. (Gaci ) tvmwMizT:^'t-r 

(NH3 ) X^'JX.SrfflU^yW KVPESSrfflC^ 
S#fflM-CfiJc«?aJK 10 0 0 -CtC^aS-f-l) . 6 5 0 
**^^t-C*^^>. HC 1 am$r4 0 c c/^^T'«|& 

NH3 ^loooccxm^^ axx/i^^y 

( S i H4 ) gfuSO .01c c/mtxi 5 O^^CO 
figftT\ 5g 1 coHM^iKBfl t/cia 1 ( a ) *^(i> 
( e ) CDfSL^JM^m: . m 1 (^-7:^9 e 3 SrSs^^A 



Jt'M;¥2 0 0//m(7)|gl<7)GaN^6 5^?gfig-r-l. (0 
5 (b) ) . miOGaNM65^?^J«^, NH3 ;>y 

aNM6 5«±. nMr. 1 X 1 Qis c m-31JU:<7)df-A' 'J 

[01361 g a Nmmi>i^u~'rmm<7>imiz 

{4. ^S«#«-ft^mfflJS*ffi (MOVPE) ^MUTf^ 
GaNM6 SSrJ^l^f^. MOO VD^St^-fe -/ 

h t , *«#EBm-c^;gaK 10 5 o*cic:#ia-r-& . 6 
5 0 'ccos«*»<^> N H3 ^'xmmmz-r^ . s i sra?. 

Jllt/il A£mc7);f$<7)nMGaN«66. S i ^-gfeHoL 
fzO. 4//m<7);j$cOnMA lo.i5Gao.85N;?^-y h 
«6 7. SiSr^jDL^tO. 1 umCOm^^nmGaN 

\^m68^ 2. 5 nm<7)/p$<5Dr:xH— n n 
0. 2G ao. 8 NM^#Fiii: 5 nmC7);p§c7>r >- K-r I 
no.osGap.gsNl^g®*-/^^^ 1 Oj?|«8<^^m»^# 
F^^vStt»6 9, V:?^J^v">A (Mg) S:^aL7t2 
0nmcOj5$c7)pSA lo.2Gao.8NJi70, MgSr^ 
JUL/iO. l//m<7);?§<J0pMGaN^;^fM Hfl7 1, 
MgSr^nL/cO. 4/zm<7)Jf:;5<7)pMA 1 0. isGa 
o.ssN^'^'y H®7 2. Mg^?SJDL5tO. 5)Ltm<7)l¥ 

^<^)pmGaNay99hm7 3^m}):m^Lu—f— 
mm.^imLti. pmcr>GaNay:^'^^hm7s^mm 
Ltzmi. HN3 ^'xmm^x'^^Sitxi^mt. 

ilKiOKDJii-r (116 (c ) ) , 2. 5nmiOJJ$«7) 

TyY—yi no.2Gao.8Ni-?#FJlh 5 nmcO/S$ 

^#F^vS14Ji6 9 {4, 7 8 0'C<^imx^mWL\^tz. 
C0 137]<J:t. P-Hf-^fiSS:?^B!cLit-9-7r>f T 

ffi«6 iSrM^^ic-fe /hL. ^yr-(Tmmei . g 

aN;i62.Si02 6 3 . fcitXGa NM6 

5<050//mW®LTGaN)K6 SSr^JlJ^-frS, MtH 

L/iGaNJ16 5ffl{c:(4. ^^'y (T i ) -r;U5 (A 
1 ) iOnMfl:l57 4$:J^fig;L, pMiOGaNS7 3±tc: 
i±— yyjU (N i ) -A (Au ) i0pMmii7 5 2:Jg^!!<; 

-r-i. (06 (d) ) . 

[0138] meiz7ik-tv—<fmm.xii. SMt^nsm 
t^j:<m'i't:mfS.x't i,fztbmm^mjL.m^f^mtx'^ 

[0 13 9] ^tz. ■^yr-(ThGa.nM^^mWh\±^^ 

m\.tzv-^im.<mm^^y-ii.^^m\,zx ^mm- 

[0140] ^tLtcML, ^mmmxi.m^Bxmifi'j'^^j: 
\^Gc>.nmes^f$.<^m-hzt-ffiX'^ht:^. 

r ^ Tft^^vx LT t G a N 6 5±t?g 

^LfzGanmmw<7y\y-^mm.\.z\mmi^£< . * 
tzGc>.nmes±.<r>v-^mmi^^m^zi. o^^fiss 
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tiigmLTA^'o. -^:7T-frS«5 1 , GaNUe 

f^M-r-S HUi:-9-:7 r-f ra«6 1. GaN]^6 2. Si 

[ 0 1 4 2 ] S fc. :*:|e!te^JT-{i:. -^y r-(TmUe 
1 , GaNJi62, S i O2 -7^.^ 6 3<7^mm. tiX 

it**, mm^^ib-fiz K 7-^ X y f-y^^tc J: 0 nM<OG 
aNJi6 6^7t{i6 5^m*LnS«|g&?]?^L. 

[01431 

[011 *^Bjc7) 1 1 1 -vmit-&m¥^mi^com^ijm 

[021 AlGaN|^*»Tg^$tiyiMgAl2 O4 X 

[114 1 1330^1?^^, E.mm. M/^m^co^M 
[125 1 ^mm^^ijmi: 2mm*)mLxm!^LfcG 



[06 1 2|s%BJ<7)^^:^S^fflV^TjeB£L^GaNM± 

[??-^oiftHji 

1 1 ms. 

1 2 msnzm^^tLfc 1 1 1 - v]^^k-^!fei|^«s)^ 

13 III -vmit^^:^mi¥^m.M:^^^m^m 

14 VX:? 

1 5 xf ^'df ^-^^ujK^KL/c 1 1 1 -vmit^^mm 

16 1 1 1 - vm^t^m^i^<7) yr-^vhmm 

21 (0 00 1) mco^yr-trmwi 

22 GaN« 

2 3 -^X^ 

2 5 Xt^dfi/-?'/HS:fiL/cGaNM 

3 1 (1 1 1 ) fficOMgA I2 O4 

32 ljjim<7)GaNm. ttzHAlGaNm 

3 2 S^±tC?gfig$tL^c)Sft«J^ 

3 3 mm±i>zmm.Lfzs i 02 mco-?xi? 

34 Xb°:J'^>'A';J'^;gL/^GaNyN'y7ra 

3 5 H^-'f HVPE&T-J««Lfv!GaN|g 

4 3 

4 4 

5 1 (0 00 1)H<?)-9-7r>frS«^ 
5 3 mico-?:^^ 

5 4 miC7)E)t;RMJjJ 

55 micOGaNJi 

5 6 SS2i?)^:^^ 

5 7 1120-7;^^ 
58 ^2c7)GaNS 

65 nMGaNM 

66 nSGaNJi 

67 nMA lo.isGao.ssNiJ'^-y h« 

6 8 nMGaN7t;<^-< H« 

6 9 10 MWcO^fii^ #F«3tvStt® 

7 0 PMA lo.2Gao.8N® 
7 1 P®GaN3K^-f KJi 

72 P^A lo.i5Gao.85N^5-y h« 

73 pSLGaNay^^hm 
7 4 Ti-AlcOnM^flS 

7 5 Ni-AuCOpMH® 
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